Summary. G(iberellin A1-3,4-3H was prepared by selective catalytic reduction of gibberellic acid with a mixture of tritium and hydrogen. 3H-GA1 was applied at physiological concentrations to dwarf peas and the metabolism of the horimone was investigated. tH-GA1 was converted to an acidic, biologically active compound. Radioactive but biologically inactive compounds were also found in the neutral fraction and could not be converted to 
method yields a hormone of low specific activity and the quantities obtained are too small for rigorous chemical purification. Baumgartner et al. (1) and Nitsch and Nitsch (14) used gibberellic acid which was randomly tritiated by the Wilzbach method. It is very diffficult to predict the nature of the products of a Wilzbach tritiation. In many cases, addition of tritium to double bonds gives rise to highly radioactive comnpounds which would be very difficult to separate from the original substance. Much of the early work with labeled giibberellin deallt with the translocation properties of this compound (12, 19) . McComb (12) re-isolated 14C-gibberellic acid from 1 The hydrogenation was performed by New England Nuclear Corporation, but all further purifications were done by the author. I II pea seedlings 5 hours after treatmelnt and found it to be unaltered. Nitsch and Nitsch (14) . on the other hand, obtained a biologically active metabolite of gibberellic acid fronm beans and Ra;ppaport et al. (16) found a conversion of '4C-gibberellic acid to a neutral compound in bean seeds. This connmunication describes the preparation of radioactive gibberellin A1 (GA1, II, fig 1) of a specific activity sufificiently high to study the metabolism as well as the cellular and subcellular fate of this hormuone. It was deemed necessary to study first the metabollism of a gibberellin in a growing plant but, in other experi;ments, an attempt is being made to localize the hormone within the cell in the hope of obtaining clues on its site of action.
Materials and Methods
Preparation of Radioactive Gibberellin A1. Controlled reduction of gibberellic acid (GA3, I, fig 1) yielding gibberellin A, (,GA,, II, fig 1) and a dicarboxyll,ic acid (III, fig 1) was reported by Jones and McCloskey (4) . Selective hydrogenation of the cyclic double bond was achieved through partial poisoning of the palladium catalyst by adding pyridine to the reaction mixture. The procedures of Jones m FIcG. 1 . Structures of gibberellic acid (GA3, 1), gibberellin A1 (GA1, II) and the dicarboxylic acid (III). (table I) . 3H-jGA1 (3.5 ,uc) was dissolved in 10 ml of ethanol and the solvent was distilled off under vacuum and trapped. No radioactivity was found in the distillate, proving that no exchangeable tritium was associated with the 3H-GA1.
The radioactive h-ormone was stored at a concentration of 2 mi,l in ethyl acetate at -20°. The purity of the compound was checked regularly over a period of 1 year and no decomposition due to self-irradation could be observed. A second batch of GA1 of lower specific activity (20 mc/nmmole) was prepared in an identical fashion. The pure crystalline hormone was used without addition of carrier GA1. 8 experiments, 23.5 % of the applied radioactivity cou'ltd be recovered in this wash. Since only the internodes above the first node showed a marked growth response to gilbberellin ( fig 2) , the shoots were harvested above the first scale leaf and imnediately frozen in liquid nitrogen.
Extraction Procedures. Fifty to a hundred frozen plants were extracted wi.th 100 ml of methanol using an "Omnimix" blender. The extract was filtered, the tissue residue kept for radioactive analysis and the filtrate evaporated. The filtrate residue was taken up in 50 ml of 0.5 M phosphate buffer (pH 8.4) and partitioned several times against equal volumes of light petroleum ether (ib.p. 40.500) until the organic phase was colorless. The combined petroleum ether phase was checked for radioactivity. The aqueous phase was further purified by repeated partitioning against ethyl acetate until no pigment was extracted by the solvent. The combined alkaline ethyl-acetate fraction was dried over Na,SO4 and the radioactivity was determined. The bu,fifer was now (adjusted with 2 N HCl to pH 2. times against ethyl acetate. After this, no radioactivity was extractable from the aciified buffer. The combined acidic ethyl-acetate phase was dried over Na2SO4 and the radioactivity was counted. The aqueous residue was brought to pH 7.0 and was also tested for radioactivity.
Chromatography. Thin-layer chromatography on silica gel H was perfonmed according to MacMillan and Suter (9) and Semlbdner et al. (17) . Gibberellin standards were run as reference on the side of each plate. The portion of the chromatogram wi.th the plant extract was divided into 10 equal zones, the silica gel was scraped into oentrifuge viais and eluted 4 times with water-saturated ethyl acetate. These fractions were used for the subsequent assays. The reference chromatograms were sprayed with 5 % (v/v) H,SO4 in ethanol, heated at 1000 for 10 minutes and the gibberellin spots were vieved under UV light (9) .
Determinationi of Radioactizvity. Radioactivity was determined by liquid scintillation spectrometry using Bray's solution (2) as scintillator. Quench corrections were made wvhen necessary. Before couinting.
the vials were kept in the dark for 24 hours. The radioactivity of the chromatographic fractions was determined either by assaying aliquots of the eluates or by counting directly parts of the silica gel corresponding to the various RF zones. The latter method proved to be very eff icient as 85 to 90 % of the counts applied to the plate were detectable. The tissue residue was dried, weighed and 10 mg were immersed into the scintillation sol'vent.
Bioassays. For most part of this wvork, the dwarf-corn ibioassay (d5) was used as described earlier (6) . The dwaxif-pea test (6) was applied occasionallv and gave similar results.
Results
In initial experiments, lighlt and dark-grown dwarf peas treated with 20 ,uM 3H-1GA1 were extracted and fractionated as described. No (fig 3) . A second zone of biological activity, most probably due to GA5, was ifree of radoactivity (' fig 3) . In no case could a conversion of the 3H-GA1 to the GA-4iike fraction be observed. The radioactive hormone cochromatographed with !GA1 as 1 single zone in 4 solvents, 1, 2, 4 and 5. It could, however, be separated into 2 ifractions with 'solvent 3 (fig 4) . Besides unaltered 3H-GA1 a second, biologically active compound appeared which 'increased in concentration with time (table II) . The biological activity of this compound could Tbe demonstrated best when peas were treated withl a relatively high concentration of 3H-GA1 (60 ju-r, 0.105 pg/plant). The kinetics of the conversion of GA1 to this uniknown acidic compound varied from experiment to experiment. Table II summarizes the most extreme case when the half-life time of 'H-GA1 was about 3 days. In other experiments, the rate of conversion was somewhat slower. Only 7 % of the GA1, was converted to the uinknown acidic substance after 24 hours and 30 % after 3 days.
The reason for this variation is not known.
Aqueouts Phase. After exhaustive extraction of the acidified buffer, sonme radioactivity still remained in the aqueous phase (table II) . The presence of neutral bound gilbberellins has been reported by a nutmber of authors (3, 10, 13, 18) . Evidence was presented that acidic gibberellins could be recovered from such complexes by treatment with glycolytic (13) and proteolytic (10) enzymes as well as by acid hydrolysis (18) . The aqueous fraction was either inctbated with hydrolytic enzymes, or hydrolyzed with acid as specified in table III. Thereafter, the aqueous phase was re-acidilfied and extracted 7 times with ethyl acetate. An equal part of the aqueous phase was incubated without enzymaes or left unhydrolyzed. These controls were also acidified and partitioned against ethyl acetate. Table III shows that none of the hyndrolytic treatmenits resulted in a significant release of radioactivitv into the acidic fraction. The radioactivity obtainecd from hvd;rolyzed and control aqueous phases was probably a small residute not extracted during the first fractionation.
The aqueous phase was lyophylized and the residue chromtographed on a Sephadex G-10 column. All the radioactivity was retarded on this column which excludes compounds of a molecular weight above 700.
Blue Dextran 2000 served as a marker to deternine the chromatographic properties of substances with a molecular weight higher than 700. This experiment showed that the radioactivity iwas associated with at least 2 compounds of low -molecular weight (fig 5) .
The residual radioactivity could be extracted fronm the acidified aqueous phase by -partitioning with n-butanol. The 'butanol fraction was chromatographed on Whatman No. 3 paper using isopropanol-NH,OHwater (10:1:1. v/v) and gave 3 peaks of radioactivity which, however, were biologically inactive.
Tissue Residue. Residual radioactivity in the extracted tissue was very small but increased in the course of a 3-day e.periment (tajble II). After 24 hours, the radioactivity associated with the tissue amounted to 0.3 % to 1 % of the total recovered Gibberellin Metabolism in Dark and Light-Grown Peas. Reversion of light inhibited, stem growth by gibberellic acid in peas was demonstrated by Lockhart (7) . It was concluded that light interacts somehow with the native gibberellin. Measuring the effect o'f unlabeled GA1 on light and dark-grown dwarf peas, Kende and Lang (6) concluded ithat 'the hormone was utilized to the same extent under both conditions. In a re-examination of this question, 3H-GA1 was found to 'be metabolized by li,ght and dark-,grown PHYSIOLOGY plants to the same extent (table IV) 
